Abstract. We describe the circulation and mean sea level variations of the Mediterranean Sea from 2 years of TOPEX/POSEJDON altimetric data. It is first shown that the response of the Mediterranean Sea to atmospheric pressure forcing is close to an inverse barometer (except at high frequencies) which means that the adjustment is accompanied by a flow through the Straits of Sicily and Gibraltar. We then use TOPEX/ POSEIDON to study the mean sea level variations, representing steric effects and integrated large-scale changes of the mass of the Mediterranean Sea. We observe an annual cycle with a fast drop during winter. Steric effects account for about half of the observed variations. The remaining signal is believed to be driven by evaporation minus precipitation (E -P) forcing and internal hydraulic control in the Straits of Gibraltar. Using suboptimal space-time objective analysis, the classic components of the Mediterranean surface circulation are recovered, despite low signal-to-noise ratio (the rms of sea level variability is less than 10 em). The variable Mediterranean circulation is seen as a complex combination of mesoscale and large-scale variations. The surface circulation is more complex in the eastern basin than in the western basin. In the east it is composed of subbasin-scale gyres, such as the so-called Mersa-Matruh and Shikmona gyres, which do not have an obvious recurrence period. We also observe an intensification of the largescale cyclonic winter circulation in the western and in the Ionian basins. Several mesoscale structures, such as the Alboran gyres and the Ierepetra gyre, show <1 clear seasonal cycle, with a maximum in summer. The good qualitative and quantitative agreement of the results with previous data from the Mediterranean illustrates the improved accurary of TOPEX/POSEIDON over its predecessors.
Introduction
The Mediterranean basin extends over 3000 km in longitude and over 1500 km in latitude. The Straits of Sicily separate the western Mediterranean (WM) and eastern lvlcditcrrancan (EM) basins, which arc themselves composed of the following subbasins: Adriatic, Ionian, and Levantine in the east and Balearic (Liguro-Provcncal and Algerian) and Tyrrhenian in the west. A net Atlantic inflow through the Straits of Gibraltar balances the deficit of mass (approximately I m yr-1 ) [e.g., Laco111be and Tchemia, 1972] and the corresponding excess of salt caused by evaporation in excess over precipitation. The fresh Atlantic Water (A W) migrates into the WM and EM basins and becomes saltier and denser under the inllucnce of intense air-sea interaction. Lcvantine Intermediate Water (LIW) is formed during winter convection in the Lcvantine basin ami recirculates at intermediate depth. The LI\V eventually exits the Mediterranean via the Straits of Gibraltar. Mediterranean Deep Water (MDvV) formation also occurs in the Gull' or Lions and in the Adriatic Sea, and some MDW may also comprise the G ibra Ita r ou If low [131)1 (/en and Stonunel, i982) . Mersa-Matruh and Shikmona gyres to the south [Robinson el a!., 1991] . The seasonal and interannual variability or the circulation is thought to be mainly due to atmospheric forcing (wind stress, heat flux), although changes in in,flow/outl1ow at Gibraltar should also be taken into account [e.g., Rous.s·eno\ 1 el a !., 1995] . The variability of the general Mediterranean Sea circulation is, however, mainly inferred from modeling results [e.g., Pinardi and Navarra, 1993] , and observational evidence is still lacking. To elate, the Mediterranean oceanic circulation literature does not contain any account of global description by satellite altimetry. This is because extracting the oceanic signal from altimeter data in the Mediterranean is particularly dillicult. The first reason is that the topography signal is small, of the order of JO em at most. Then, the geometry (narrowness, straits, islands) of the basin is complex; the orbit error cannot be as easily corrected for as in the open ocean, since classic techniques, such as bias and slope adjustment, would remove a large part of the oceanic signal [e.g., Le Traon e/ a!., 1991] . It is now believed that the very high accuracy of TOPEX/ POSEIDON (T/P) can cope with those two problems. In particular, the T/P orbit error is very small (3 em rms), alleviating the need for a specific correction. The third reason is that the tidal signal, which can exceed 15 em in amplitude, had not previously been globally and precisely modeled (P. Caneeill et al., Barotropic tides in the Mediterranean Sea using a finite element numerical model, submitted to .lou malo/' Geophysical Research, 1994 (hereinafter referred to as submitted manuscript)). The solution of the new hydrodynamic model agrees with tide gauge data to within 2 em rms for the M 2 component.
In this paper we usc 2 years ol' T/P data in the Mediterranean with the new tidal correction. The data processing and influence or atmospheric pressure variations on the sea level arc presented in section 2. In section 3 we discuss the temporal changes of the mean sea level observed by T/P. Finally, we attempt in section 4 to show that the classic image of the Mediterranean surface circulation and some new features emerge from altimetric data analysis. Since altimetry provides continuous coverage, the transient or permanent character of features over the 2 years of the study can be elucidated.
Data Processing and Atmospheric Pressure Forcing

Data Processing
The T/P merged geophysical data record (GDR-M) from the first 2 years was used for this study (Figure 2 ). The record spans the period between October 4, 1992 (cycle 2), and September 15, 1994 (cycle 75), i.e., a total of 74 ten-clay cycles. The Centre National cl'Eltudes Spatiales (CNES) Joint Gravity Model 2 (JGM-2) precise orbit was used, and the following corrections were used [see Le Traon el a!., 1994]: TOPEX/ POSEIDON microwave radiometer for the wet troposphere; European Centre for Medium-Range Weather Forecasts (EC-MWF) for the dry troposphere and inverse barometer effect; 300-km, low-pass-filtered bifrequency ionospheric correction for TOPEX; Doppler orbitography and racliopositioning integrated by satellite (DORIS) ionospheric correction for POSEI-DON; electromagnetic bias correction using the so-called BM4 parameterization for both instruments [Gaspar e/ a!., 1994]; Car11vright and Tayler (1971] solid tides; Ray and Sanchez [1989] tidal loading; and Canceill et al. (submitted manuscript, 1994) ocean tides.
Along-track corrected sea surface heights were resampled every 7 km using cubic splines, and sea level anomaly (SLA) measurements were obtained by removing the 2-year mean. To reduce the altimetric noise, SLA data were finally low-pass filtered using a 35-km median filter and a Lanczos filter with a cutoff wavelength of 42 km.
Inverse Barometer CmTection
In the open ocean the response to atmospheric pressure is close to the well-known inverse barometer (IB) ell'ect [e.g., Fu and Pilws, 1994] where P,.cr is the mean pressure over the ocean which, in practice, is generally assumed to be constant. Following ( 1 ), a 1-mbar variation in atmospheric pressure yields a sea level variation of I em. In a closed basin, because mass must be conserved, P,.cr must be made equal to the mean pressure over the basin; thus only local adjustment to spatial variations of the pressure occurs. In a semienclosecl sea, such as the Mediterranean, the response is more complex. The sea level can respond to the mean pressure over the basin if there is an adjustment through the straits. With the work of Lacombe [ 1961 J and Crepon [ 1965] it has been recognized that this adjustment occurs. Crepon [ 1965] observed a correlation between the nux through Gibraltar and the mean atmospheric pressure. Actually, the continuity equation implies a correlation with the time derivative of pressure, not pressure itself. Several papers have dealt with the problem [e.g., Garrett and Majaess, 1984] . Candela [ 199 I] has more recently proposed a simple model which takes into account the friction at the Gibraltar and Sicily Straits. His model provides a response or sea level produced by an input spectrum ol' atmospheric pressure. At low frequencies the straits do nol constrain Lhc !low. AL high frequencies the Mediterranean cannot fully adjust, and the response dill'ers !'rom a simple 113 cll'cct. As a consequence, pure correlation with pressure changes cannot be expected.
Our ullimalc goal was Jo corrccl Lhc allimclric measurements from almosphcric pressure cll'ccls. However, since Lhc suhjcclol' ocean response to pressure is particularly interesting, we will comment on the consequences of our attempts lo go beyond simple processing. We lirsl assumed that the Mediterranean Sea w:1s acling as a closed basin and applied an 113 correction with a rcl'crcncc pressure P,.cr equal to the mean daily pressure over Lhc IVJcdilcrrancan basin. The rms SLA increased from 9.2 em using a constanl (I 0 I J mbar) rcl'crcncc pressure (standard 113 correction) to about 11.5 cm rms. 'This conlirms Lhat there is an adjustment through the slrails. Regression analysis between sea level and almospheric prcssme was then performed to better characterize the response of the Mediterranean Sea to atmospheric pressure. An SLA tile without 113 correction was generated, and correlation between SLA and instantaneous pressure was calculated. To reduce the influence of low-frequency oceanic signals in the regression, SLA data were converted to I D-elay eli fTerences ( di!Ierences bel ween two consecutive cycles). The mean correlation of the sea level with atmospheric pressure was found to be as significant as -0.6. The regression cocllicient was -0.88 em mlxn·-1 ± 0.30 em mbar-1 , which is very similar to the results oblained by Fu and Pihos [ 1994] in the open ocean. Note that a regression with SLA data relative to a mean (instead of 10-clay clill'erences) yields a larger regression coellicienl of -l. 13 em mbar-1 because low-frequency oceanic signals clue to winds and heat fluxes are also correlated with lhe atmospheric pressure.
This analysis does show that in first approximation the response or the Mediterranean Sea to atmospheric pressure is close to a standard I 13 ell'ect. The 113 signal is actually as large as the remaining oceanic signals; the SLA variance explained by a standard 113 correction is approximately 50 cm 2 , while the SLA variance signal is aboul SO cm 2 (sec section 4). However, as shown by Candela r 199 I I and recalled in the discussion above, the response is certainly more complex and differs, in particular, J'rum a standard 113 cll'ecl at high frequencies. Better parametcrizations will probably be developed in the future based on analytical models [e.g., Candela, 1991] or numerical models [e.g., Candela and Lozano, 1994] . We have chosen to apply a standard 113 cll'ect, although there is evidence th<lt significant errors can occur for high-frequency almospheric pressure l'orcing. In parlicular, a few tracks show a mean sea level with 0(10 em) anomalies which arc probably rci<llcd Jo thai kind or error. This needs to be corrected bcl'orc any two-dimensional mapping or the data. i\ method was thus developed to correct these Jracks for bias. The method is described in detail in the appendix. The bias is estimated iteratively from neighboring tracks in sp<lCC and Lime. Only a l'ew tracks are adjusted, and globally, the correction is only 3.5 cm rms. The correction does not change the mean sea level estimations. level with and without the IB correction. The mean pressure over the Mediterranean is shown in Figure 3b . The influence of the mean pressure on the mean level is plainly seen. An !13 correction should be applied to the mean sea level to study other eil'ects. It is probably not very accurate, however, when atmospheric pressure varies rapidly (for example, here between cycles 17 and 18, March 1993).
Mean Sea Level Vadations
The discussion in section 2 confirms that there is an adjustment through the Gibraltar and Sicily Straits in response to the mean pressure and that the Mediterranean mean sea level is sensitive to the mean pressure. Figure 3a shows the mean sea The mean sea level over the whole Mediterranean and for Part of the mean level variations are attributable to a steric signal related to the dilatation and contraction of the surface layer due to heat fluxes. This effect is given by [e.g., Gil/ and Niiler, 1973] :
where is r1 the sea level, u is the coe!Ticient of thermal expansion, Cp is the specific heat at constant pressure, and Q is the net heat flux. We calculated the steric signal using an ECMWF climatology of net heat fluxes (13. Barnier, personal communication, 1994) . We obtain a signal of less I han I 0 em which is maximum in October and minimum in lvlarch. We also used a seasonal climatology of the Mediterranean Sea [Brasseur eta/., 1995] and general circulation model (GCIYI) results to estimate the dynamic height relative to 500 dbar. All three calculations give similar results. As a consequence, "climatological" steric elfeets only appear to account for half of the observed variation of the mean sea level in 1993-1994, although the phase seems to be right. Of course, 1993 and 1994 may be untypical of the climatology. However, the mean T/P signal has the same amplitude in the 2 years, and large interannual variations arc not expected. This suggests that the Mediterranean Sea may not be in mass balance at the seasonal timescale. It is interesting to note that a similar conclusion was reached by Ovcliinnikov [ 1974] in his analysis of the water balance of the Mediterranean Sea. The mean sea level variations reported in his paper are close to our results. He suggested that lluctuations in water inflow and outflow through the Straits or Gibraltar are always of opposite signs. This induces a net barotropic flow which is not compensated by loss of water clue to evaporation or gain due to precipitation and river runoiT. As a consequence, mean sea level variations arc induced. A net barotropic flow of 0.1 Sv in a month will produce an elevation or the mean sea level of 10 em. These hypotheses on the inflow/outllow at Gibraltar were not conf1rmccl by flow measurements through the Straits or 1.
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Gibraltar during the Gibraltar Experiment !e.g., !hyden and l 'i/lshtuy, 1990] . While small variations i11 the dill'crcncc of inllmv and outllow may well be responsible for the observed mean sea level variations, the causes or these variations arc still to be understood.
The reservoir condition which determines the exchange at seasonal scales through the straits and ultimately the mean sea level is evaporation minus precipitation (E -I') !e.g., B1yrlen and Kindcr, I 99 I b 1. The seasonal variations in E -P arc poorly known in the Mediterranean Sea. It is thought, however, that E Pis maximum in summer, although there arc periods or intense evaporation in winter [ Harzal/a!t el a/., I 9931. This disagrees with the phase in our observations. However, the response to the winter evaporation conditions during the convective formation or deep waters and Lcvanlinc Intermediate Water, where strong vertical mixing lakes place, is probably stronger ami slower, since it is baroclinic. The barotropic adjustment to E -P will he quasi-instantaneous, since gravity waves lake less than a day to cross the basin (see also the discussion on the inverse barometer ell"ect), and no signature on the mean sea level is expected. Internal hydraulic control in the Straits of Gibraltar should also be taken into account, since it imposes constraints on the baroclinic exchange [!3Jyden and Kinder, 199 I b] . When the Strait or Gibraltar is in a maximal exchange condition, the mean sea level will directly respond to evaporation (although in the longer term the exchange conditions may be modified). During submaximal exchange, however, rapid adjustment through the straits is possible and no mean sea level signature is expected. The Straits of Gibraltar may oscillate between maximal and submaximal exchanges [Garrell el a/., 1990] . This could probably explain part of the signal observed. We thus suggest that the Mediterranean sea level variations, apart from the steric effect, may result from baroclinic adjustment to E -P variations. Explaining the Mediterranean mean level variations is, however, still an open and interesting issue, and many questions remain on the subject of Gibraltar Straits dynamics [B1yden and Kinder, 1991a] .
Seasonal Variations of the Surface Circulation in the MeditetTanean Sea
Statistical Results
Plate I shows a map or the overall rms SLA. The geostrophic velocity variance was also calculated (Plate 2). The rms SLA generally lies between 6 and 8 cm. High values of velocity variance reveal intense mesoscale activity, whereas low values arc attributable to large-scale variations. A large part or the rms variability is clue to the annual cycle of the mean sea level which has an amplitude of 0 (I 0 em) (see section 3). This explains the relatively high background values round in some or the quietest subbasins, such as the Tyrrhenian.
The largest rms signal in the western basin (larger than 12 em) is found in the Alboran Sea with its well-known energetic gyres. Patches of variability can be detected in the Algerian current eddies off the coast of Algeria. The mesoscale activity is even more obvious on the map of velocity variance. The Algerian current is unstable and generates mesoscale eddies that propagate eastward. Most of them are anticyclonic, located ncar the coast, with a size of about 50 km in diameter. With time, they leave the coast, grow to about I 00 km, and travel for several months in the interior of the Algerian basin with a velocity or a few kilometers per day ! Millo!, 1990] . The eastern Tyrrhenian basin shows somcwh<It larger rms values than the west and, even more strikingly, than the neighboring Liguro-Provenc,;al basin which is characterized by the lowest figures or the whole western basin. This suggests that this area has a variability mostly at the large scale !Millo!, I 9901, in contrast to the Alboran and Algerian basins discussed above.
In the eastern Mediterranean the rms SLA values arc rather homogeneous over the Ionian basin and eastern Levantinc basins, with a magnitude of about 7.5 em. Larger rms values along Tunisian and western Lybian coasts arc observed (about t\.5 em). The region, however, is shallow, and the larger rms values may be due to errors in the tidal model or wind clfccts. This may also hold for the Adriatic and the Aegean Seas. The variability reaches a local but very well marked maximum or about 17 em rms in a small area southeast or Crete. It is also associated with a peak of gcostrophic velocity variance. This is the so-called lerapctra gyre which we discuss later. Figure 6 (bottom) shows the variance or wind stress curl anomalies with respect to the annual mean. The analogy with Plate I is quite striking, since the three regions or maximum wind variance identified as V-E, VI-E, and VIl-E in Figure 6 (bottom) coincide with regions or high sea level variability. We thus expect winds to play an important role in forcing the variable circulation there. Some of the low-rms areas of Plate I are regions where surveys and numerical simulations have shown the presence or permanent features. One can assume, for instance, that the relative variability minima (6.5 em) in the southern Cretan Sea and in the northwestern Lcvantine basin are the signature of the rather permanent micl-l'vlecliterranean jet and the Rhodes gyre, respectively. where T = 15 clays and a is such that L = 3.34/a = ISO km is the spatial zero crossing. Given the large spatial intertraclc distance, the mapping error reaches up to 70% of the signal variance between the tracks. Only the large-scale features or the circulation can really be observed with T/P, and smallerscale signals will only be discussed when they are close to T/P tracks. Three monthly seasonal averages were calculated, with winter beginning in January. The estimates relative to the 3-month spatial averages are presented in Plates 3 and 4. The annual signal was also extracted by fast Fourier transform (FFT) analysis and mapped as described by Le Traon and Minster [ 1993] (Plates 5 and 6). Descriptions of the surface circulation per basin and subbasin follow.
Western basin as a whole. As the mean circulation in the WM sea is cyclonic [e.g., fl!!i/lol, 1990], the negative anomaly observed by T/P in winter (Plate 4) in the central part or WM basin implies an intensification or the circulation. Remember that altimetri c maps only give the va riati on relative to the in the ce nler of WM sea, in winter it changes in magnitude, mean circulati on. Summer appea rs to be qui et, whereas fall size, and form . Neverthe less, TIP annu al signal (2 years) ex and spring seem to be transition periods. One notes that th e hibits a maximum at the same location (Plate 5). It confirm s intensification of th e circulation is less marked in] 993 than that th e cycl onic, basin-scale circulation in th e western Medi 1994 (Pl ates 3 and 4). Even il' we filld aga in a minimum of SLA terranea n Sea is intensified in winter. Since th e annual har- . .. .
... Units are ce ntim ete rs. Spa ti a l mea ns o f 6, -4.5, -3.6, and 3 cm, respective ly, we re re moved for each map.
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monic wind stress curl amplitude map shows a maximum also situated in the center of WM ( Figure S ), this intensification is probably related to the wind forcing and thermohaline flux. The major factor of the observed seasonal and interannual variability is thus probably the wind forcing and the thermohaline flux, although the variation of inflow through the Straits of Gibraltar could also a!l'cct the western circulation. Algerian eddies can be clearly dctcctccl by TIP (sec, for example, the map on CNES Julian clay 1S710 shown in Plate 7), but the space-time sampling of T/P is not dense enough to follow them, and we will not discuss them further. Alboran gyres. The Alboran Sea is a transition area between the straits of Gibraltar and the Almcria-Oran front ( -S 0 W-0°) [Tintore et al., 1988] . The surface flow in the Alboran Sea is mainly composed of two anticyclonic gyrcs, named western (WAG) and eastern Alboran gyrcs (EAG) [Tintore et a/., 1988; Heburn and La Violette, 1990] . They arc clearly detected on the TIP seasonal maps (Plates 3 and 4) . The EAG gyre is found ncar 2oW over the 2 years. Its stability is presumably correlatccl to the Almcria-Oran front space stationarity [Tin/ore et a/., 1988] . The WAG location is between sow and 4°W. The EAG and, to a less extent, the WAG arc both characterized by a strong temporal variability. We list in Table  1 their evolution from October 1992 to October 1994. Since the two gyrcs arc anticyclonic, there arc seen as cyclonic gyrcs with TIP when they have their minimal amplitude. EAG is maximum in summer and autumn, whereas WAG is maximum in spring and summer. The two gyrcs also exhibit smallertimescale variability. As explained by Speich et a/. [199S] , it seems that there is no well-defined law that would govern their appearances, and their evolutions seem to follow independent paths. However, the 2-ycar results in Table l show a surprising similarity in the behavior of each gyre from one year to the next. Therefore their long-term variations are possibly driven by seasonal mechanisms, such as Gibraltar inflow/outflow or wind stress changes.
Liguro-Proven~;al current and Tyrrhenian gyre. TIP seasonal maps (Plates 3 and 4) show significant seasonal variability in the Ligurian basin and in the northern Tyrrhenean basin. This variability is situated along the Ligurian coast, whereas the northern zone of Corsica seems to be more stable. It is clear that we cannot detect the Liguro-Provencal current with good accuracy with the coverage of T/P data clue to its small width (of the order of 30 km), but there is some evidence of a winter intensification of the neighboring region of LiguroProvcn~;;al current (particularly in winter 1993) and of the Tyrrhcnean current along the coast of Italy. The Liguro-Provcn<;;al current is actually composed of the eastern and western Corsica currents, but its variations arc mainly induced by the castern Corsica current which is feel by the Tyrrhcncan current [Astraldi et a/., 1994] . The variations of the two currents arc thus expected to be correlated. The winter intensification is also expected, since the winter transport in the Straits of Corsica is estimated to be about 3 times larger than the summer one ( 1.5 versus 0.45 Sv) !Astraldi et a !., 1994] . In J 994 the winter and autumn circulation in the whole Tyrrhenean Sea is a well-defined cyclonic llow. This description of Tyrrhcncan circulation agrees well globally with the circulation given by Krisvohevo and Ovchinilwv I J 9731. The wind stress curl peak (V -W) in the center of the Tyrrhenean basin (figure 5) may well explain the cyclonic circulation seen by T/P data in 1994.
East.crn basin as a whole. The eastern Mediterranean circulation is charactcrizcd by a large range of spatial and tcmpond scales, and the combination of the various scales results in a more complex pattern than in the western Mediterranean. In the previous studies some mesoscale or large-scale features have been found to be present all over the year (like the cyclonic Rhodes gyre), whereas others arc transient (e.g., eddies in the southern Lcvantinc basin) [Robinson et a/., 1991; Ozsoy eta!., 1993] . Numerical simulations [Tziperman and Malanotte-Rizzoli, 1991; Roussenov et a/., 199S] have shown that some of these features have seasonal variations. However, some uncertainties remain about the persistent or transient characteristics of these features. In this respect, the continuity and rcpetitivity of altimctric data should be very helpful.
N. Pinarcli ct al. (submitted manuscript, 1994) have simulated the Mediterranean circulation forced by realistic winds and heat fluxes from January 1980 to November 1988 and show that interannual variations appear because of the atmospheric variability. These variations arc found to be the strongest in the eastern Mediterranean, where they can exceed the seasonal cycle. This study also hints at the importance of heat tluxcs in forcing the l:evantinc basin circulation (see also Roussenov et al. [1995] . Plates 3 and 4 inclcccl show that the surface circulation is quite different from one year to the next. The structures change their shape, location, and intensity and can even show a reversed signature with respect to the mean. We thus expect the presence of interannual signals to hide the weaker seasonal cycle.
Ionian basin. The main tendency is an overall cyclonic circulation in the basin in winter (Plates 3 and4). The southern branch of this circulation can be assimilated to the Ionian current which links the western and eastern Mediterranean basins. In the other seasons the southern Ionian basin shows a more complicated circulation pattern, with the occurrence of numerous transient gyrcs. These signals probably represent the Ionian currcn·t variability; during summer the current is thought to move northward as a consequence of the annual wind stress curl variations and to meander [Tziperman and Malanotte-Rizzoli, 1991; Pinardi and Navarra, J 993] . Figure 6 shows that the strongest wind stress curl variability occurs in the Ionian basin, where the differences reach 5-10 clyn cm-3 from winter to fall and from spring to winter. Therefore the onset of a cyclonic gyre in the Ionian basin in winter could be the response to the positive wind stress curl. According to Pinardi and Navarra [ 1993] , local wind changes make up about 70% of the amplitude of the Ionian circulation variability. The remaining 30% is induced by remote forcing from the Levantine basin. They also conclude that the southern Ionian basin is more sensitive to the remote forcing than the northern one.
Plate 4 shows a circulation pattern reversal in the northwestern Ionian basin; the signal is anticyclonic in OctoberDecember l 993 and then cyclonic during the other seasons.
The low first appears southeast of Sicily at the end of December; it intcnsillcs and extends northward along the Sicilian and Calabrian coasts during winter. It reaches its maximum in extension and amplitude in March, occupying all the northern Ionian basin. From Plate 4 the negative sea level anomaly seems lo propagate northward from cast of Sicily in January to the Calabrian coast in August. Plate 6 shows the existence of dill'crent successive stages in the region; the annual signal amplitude is 6 em in September at about 38°E-16.5°S and less than 5 em in the north and is the other way around in January. The annual amplitude of the wind stress curl reaches a maximum amplitude there (Figure 6 ). The cyclonic gyre found in the northwestern Ionian basin (the "western Ionian gyre," in ref- erence to Figure 1 ) is thus characterized by an intensification in winter clue to an increasing positive wind stress curl and by a phase decay in its seasonal variations between its northern and southern parts.
In the eastern Ionian basin, along Peloponnisos coast, twin structures undergo large changes between summer and winter. Their location matches the location of the Pelops gyre mentioned by Theocharis et a!. [1993] in their analysis of POEMIl-86 and POEM-V-87 data. They describe that gyre as an anticyclonic and persistent feature which can appear as having two centers. Roussenov et al. [1995] have simulated, in that region, a seasonal circulation reversal giving rise to a recurrent anticyclonic gyre. Our data do not allow us to discuss the persistence of the Pelops gyre throughout the year, but we clearly observe an intensification of the anticyclonic signal during winter 1994 and a weakening in summer 1994. In the previous year, sea level undergoes slight variations in this region, and we are unable to ascertain a cyclonic or anticyclonic tendency.
The Levantine basin. The overall circulation in the Levantine basin is anticyclonic in October-December and cyclonic in April-June (with respect to the mean) (Plates 3 and 4). Circulation patterns show, however, a strong variability between 1993 and 1994, with more dramatic changes than in the other basins. The greatest clitferences are observed between winter 1993 and winter 1994, with the occurrence of gyres of opposite signs (Plates 3 and 4).
A very energetic gyre, southeast of Crete, is the only feature whose annual cycle is repeated over the 2 years. It is well defined in T/P data because it stands at a crossover point. Its amplitude undergoes strong annual variations (more than 25 em), whereas its position is stationary (its apparent diameter is about 100 km). It reaches its maximum intensity in late summer (September-October), then weakens to a minimum in spring. The signal almost disappears in June and July. This strong structure appears in the POEM data of AugustSeptember 1987 and March 1989 surveys [Robinson eta!., 1991 Ozsoy eta!., J 993; Tlzeocharis eta/., 1993] . Called the "Ierapetra anticyclone," it is described as a permanent feature. Its intensification in summer is responsible for the strongest surface signature in TIP data in the eastern Mediterranean. It has also been observed on IR images in September 1987 and August 1990 and in airborne expendable bathythermograph (AXBT) data [Horton et al., 1994] . In both data sets a symmetrical, cyclonic eddy (although of smaller intensity) is seen southwest of Crete. This eddy cannot be observed by T/P because no tracks cross this region (see Figure 2) . As the region is characterized by a high wind stress curl variance ( Figure 6 , bottom), winds are expected to play an important role in forcing the circulation there. Horton eta/. [1994] actually suggest that interactions between Cretean orography and the strong northerly winds (the Etesians) which blow during summer out of the Aegean Sea could generate this pair of cyclonic/anticyclonic eddies.
Some mesoscale structures are also observed; it has been difficult to link them with the "classic" gyres clescribecl in previous studies. We now document a few of them. The most frequent signal is an anticyclonic gyre off the Egyptian coast between 25aE and 30°E. It appears with one or several centers which shift and undergo intensity variations. One could imagine this signal to be the Mersa-Matruh gyre signature. However, it does not present any seasonal cycle as the MersaMatruh gyre is generally assumed to do. The SLA map on clay 16300 (mid-August 1994) shows some well-defined structures which can also be detected at several elates during summer (not shown). In the northern part a cyclonic feature is found about 30°E-36°N and is likely the signature of the Rhodes gyre. The anticyclonic feature in the Cilicia basin has been observed during the POEM surveys [Ozsoy eta/., 1993] . In the southern part, anticyclonic signals appear at about 28aE near the Egyptian coast and at about 33°E along the Israeli coast. In reference to previous studies, we can identify these features as the signatures of the Mersa-Matruh and Shikmona anticyclonic gyres, respectively. On CNES clay 15710 (beginning of January 1993) the circulation pattern is quite clilferent, with a predominant cyclonic central structure. In the Cretan Sea at 22aE the meridional sea level gradient translates into eastward velocity anomaly relative to the mean. This "jet" then meanders in the southern Levan tine basin and flows northward along the Israeli coast, westward south of Cyprus, and hugs an anticyclonic eddy in the Antalya basin and a cyclonic one in the Rhodes basin. mean sea level has variations of up to 25 em. It has an annual cycle with a fast drop during winter. Steric eiTects account for about half of the observed variations. The remaining signal is thought to be driven by evaporation minus precipitation forcing and internal hydraulic control in the Straits of Gibraltar. The issue is still open. A better understanding of the Gibraltar Straits dynamics and more accurate estimations of E -P and heat 11uxes variations arc required. T/P data have also clearly eviclencecl the seasonal variations of the surface circulation. The large-scale cyclonic circulation appears thus to be more intense in winter and principally driven by wind stress curl variation. This is clearly clctectecl for the Liguro-ProveJl(;al and Tyrrhenean basins, as well as for the Ionian. vVe also observed that the eastern circulation is more complicated than the western clue to numerous subbasin-scale gyrcs and larger interannual variability. Strong anticyclonic mesoscale signals, such as the Alboran gyres or the lerapctra gyre, were shown to have a clear seasonal variability, with a maximum in summer. MersaMatruh ami Shikmona gyrcs have been also detected in the Lcvantinc basin. They do not have, however, an obvious recurrence period and arc characterized by rather short timescales.
Future work will deal with the comparison and combination ol' T/P and ERS I altimeter data. This will provide a much denser coverage and will allow us to better follow mesoscale features. The altimctric data sets will then be assimilated in a general circulation model as part of the Mermaids project and should provide a very fine three-dimensional description of the Mediterranean Sea circulation.
Appendix: Minimization of the Bias of a Track With Respect to the Background
The inverted barometer correction is inadequate when pressure changes are fast because the Mediterranean Sea does not have time to adjust. An additional correction is therefore applied to individual tracks in the form of a bias. The algorithm minimizes the mean dill'erenccs between a given track and the neighboring tracks in space and time. The clill'erences are weighted by the length and the oceanic signal variance of each track.
The function to minimize is clefinecl as The solution is found iteratively. Biases below 3 em are not corrected for. The a priori bias standard deviation a-is taken as 5 em. The a posteriori value is 3.52 em. The solution does not change the mean global level significantly.
